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ABSTRACT OF THESIS 
 
THE EFFECTS OF A HIP FLEXOR STRETCHING PROGRAM ON RUNNING 
KINEMATICS IN INDIVIDUALS WITH LIMITED PASSIVE HIP EXTENSION 
 
INTRODUCTION: Tightness of the hip flexor muscle group may contribute to altered 
sagittal plane kinematics of the lumbo-pelvic-hip (LPH) complex during dynamic 
movements. Therefore, the purpose of this study is to analyze the effects of a three-week 
home-based stretching program on passive hip extension (PHE), as well as on active hip 
extension (AHE), anterior pelvic tilt (APT), and lumbar spine extension (LSE) when 
running. METHODS: Twenty healthy subjects with limited PHE underwent a 3D gait 
analysis both prior (PRE) and following (POST) a three-week static hip flexor stretching 
program. RESULTS: Following the stretching program, peak PHE increased significantly 
(P < 0.001), while no significant improvements were reported in AHE, APT, or LSE. In 
addition, no relationship was found between the change in PHE with either the change in 
AHE, APT, or LSE. Finally, a high relationship was observed between AHE and APT 
during running (r = 0.83, p < 0.001), and low relationships were observed between APT 
and LSE (r = -0.41, p = 0.08) and AHE and LSE (r = -0.34, p = 0.15). CONCLUSION: A 
three-week static stretching program of the hip flexor musculature resulted in an increase 
in PHE, but the sagittal plane kinematics of the LPH complex during running remained 
unchanged. The correlations observed between AHE, APT, and LSE suggest there is a 
kinematic relationship between the hip, pelvis, and spine. 
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CHAPTER ONE: INTRODUCTION 
The introduction section provides background information about the topics of low 
back pain and hip extension flexibility in runners. It justifies the importance of conducting 
this study.  
Introduction 
The popularity of running is undeniable, with over 50 million people participating 
each year in the United States alone (1). Unfortunately, participation in running is often 
accompanied by injury. Running injuries are common, with annual incidence rates ranging 
from between 19.4% to 92.4%, depending on the specific definition of a “running injury” 
(2). Generally, it is accepted that approximately 50% of runners experience an injury each 
year (3). According to Lopes et al. (4), low back pain accounts for approximately 5.5% of 
those injuries.  
Although the exact underlying cause of low back pain in runners is currently 
unknown, research has demonstrated that individuals with low back pain exhibit a 
reduction in passive hip extension range of motion compared to asymptomatic individuals 
(5, 6), which may translate into reduced active hip extension during dynamic movements. 
Reduced active hip extension flexibility has been correlated to greater anterior pelvic tilt 
during running (7, 8). In turn, greater anterior pelvic tilt has been associated with greater 
extension of the lumbar spine during running (9). Since it is postulated that excessive 
lumbar spine extension may contribute to low back pain, the kinematic relationship 
between hip, pelvis, and lumbar spine, also known as the lumbo-pelvic-hip (LPH) complex, 
provides a potential mechanism to help explain low back pain during running.  
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Limited passive hip extension flexibility has been associated with low back pain in 
runners, so it is possible that reduced flexibility of the hip flexor muscle group may 
contribute to the reduction in hip extension during running. In an attempt to explain low 
back pain in runners, Bach et al. (10) compared hip flexibility between runners and non-
runners. They found reduced passive flexibility of the hip flexors and hip extensors in the 
runners. Furthermore, the researchers separated the runners into a back pain group and a 
healthy group in order to further explore the relationship between low back pain and hip 
flexor tightness. While they were not able to correlate the reduced flexibility with low back 
pain, their small sample size (N=10) limited the conclusions of their study, and thus further 
investigation into the relationship between hip flexor flexibility and low back pain is 
warranted.  
Stretching the hip flexors to improve the range of motion at the hip may be a useful 
intervention in terms of reducing low back pain. Winters et al. (11) found that six weeks 
of either passive or active stretching of the hip flexors was effective at increasing passive 
hip extension flexibility. Moreside & McGill (12) reported similar results when they also 
implemented a six week passive stretching program in individuals with limited passive hip 
extension flexibility. However, in a follow-up study, the same aforementioned authors (13) 
found that improvements in passive flexibility at the hip flexors did not necessarily result 
in improvements in active hip extension flexibility during several functional dynamic 
movement tasks. However, no study has yet examined the effects of static hip flexor 
stretching on active hip extension during running.  
Research suggests that reduced passive hip extension flexibility may put an 
individual at risk for low back pain by decreasing active hip extension flexibility while 
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increasing both anterior pelvic tilt and lumbar spine extension during running. Therefore, 
the purpose of this study is to analyze the effects of a three week stretching program on 
passive hip extension flexibility, as well as on the sagittal plane kinematics of the hip, 
pelvis, and spine during running.  It is hypothesized that greater passive and active hip 
extension flexibility will be measured following the three week stretching program. It is 
also hypothesized that greater passive and active hip extension flexibility will be 
accompanied by reductions in both anterior pelvic tilt and lumbar spine extension. 
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CHAPTER TWO: METHODOLOGY 
 The methodology section details the specific steps that were taken to conduct this 
study. It contains information regarding the research design, population of interest, 
instrumentation, data collection procedures, and how the data were analyzed.  
Experimental Design 
This was a laboratory based, one-group, pretest-posttest, pre-experimental design. 
The independent variable was a three-week static stretching program. The dependent 
variables included passive peak hip extension during the modified Thomas test, as well as 
peak hip extension, anterior tilt, and lumbar spine extension during running.  
Participants 
Participants were recruited using convenience sampling from the university 
campus. Physical and online flyers as well as word of mouth were utilized to recruit. 
Participants were between the ages of 18-40 and regularly engaged in physical activity 
involving running for at least 30 minutes, three times per week. Subjects were excluded if 
they were; pregnant; currently experiencing any pain in the lower extremities or spine; had 
suffered an injury to the lower extremity or spine that limited activity in the past three 
months; had undergone major surgery to the lower extremity or spine at any time; or if they 
were not comfortable running on a treadmill without the use of handrails. Finally, in order 
to participate, subjects were required to exhibit limited passive hip extension flexibility 
based on screening measurements. 
Based on a reported 4.1° (SD = 7.5°) increase in active hip extension flexibility 
when walking following a stretching program (14), we estimated a 5° increase when 
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running (due to greater joint range of motion during running). An a priori sample size of 
19 was calculated using an alpha level of 0.05, a power of 0.8, and an estimate of the change 
in hip extension of 5°. Participants were recruited until the required sample size had 
completed the protocol. A total of 36 participants were screened for the study.  Of those 
screened, 24 met the inclusion criteria of limited passive hip extension flexibility. A total 
of 4 subjects were excluded from the study since they failed to complete the flexibility 
protocol and/or follow-up testing session: two subjects because of busy schedules, one 
subject due to a sprained ankle, and one subject failed to follow the stretching program. 
Therefore, 20 participants (27.80 ± 5.33 years, 1.71 ± 0.06 m, 67.62 ± 11.44 kg) consisting 
of 11 females (27.82 ± 5.95 years, 1.69 ± 0.06 m, 62.17 ± 8.69 kg) and 9 males (27.78 ± 
4.82 years, 1.74 ± 0.06 m, 74.27 ± 11.22 kg) adhered to the stretching program and 
completed the entire study. 
Procedures 
Participants were required to complete one screening visit to establish whether they 
met the inclusion criteria for limited passive hip extension. Prior to the screening session, 
all procedures were explained to the potential participants and they were asked to provide 
informed consent using a form approved by the Institutional Review Board. During the 
screening session, participants underwent a passive hip extension flexibility assessment 
using the modified Thomas Test (MTT) to determine whether they met the inclusion 
criteria. Participants were considered to have limited hip extension flexibility if they 
produced a flexibility value of -1.5° or greater. This value was based on hip flexibility 
measurements of a previous study where the 50th percentile of a sample of 77 healthy 
individuals aged 18-35 had a passive hip extension measurement of -1.5° (SD = 6°) (15). 
6 
 
Participants who qualified for the study based on the inclusionary/exclusionary 
criteria as well as the results of the preliminary screening completed two data collection 
sessions, separated by three weeks of static stretching. All data were collected by a single 
investigator to avoid inter-tester variability. Basic demographic data, including height, 
weight, age, sex, and current physical activity level were obtained during the baseline visit. 
Passive hip extension measurements were recorded and a gait analysis was conducted 
during both the baseline (PRE) and follow-up (POST) sessions. A stretching protocol 
education session was held following the baseline session to teach participants the home-
based stretching program that they were to perform for three weeks. Both data collections 
occurred in the Biomotion Laboratory (MDS Room B04A) at the University of Kentucky 
and lasted approximately 90 minutes each. Participants were asked to wear sport clothing 
(shorts and a tank top/sports bra).   
Passive Hip Extension Flexibility Measurement 
The modified Thomas test (MTT) was used to assess passive hip extension range 
of motion on both limbs. The MTT has been found to possess good reliability (16). To test 
the intra-rater reliability of the primary researcher of this study, a reliability analysis was 
performed between the measurements of the MTT performed during both the screening 
session and the PRE session. The analysis produced a Standard Error of Measurement 
(SEM) of 3.5°.  
To perform the MTT, participants were positioned on their back with their 
measured hip at the edge of the treatment table and their tested leg hanging passively off 
the table (Figure 2.1). At the same time, the opposite leg was held by the participant with 
the hip and knee in a flexed position against the chest. Participants were instructed to pull 
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their knee straight to their head in order to prevent any hip abduction. Care was also taken 
to ensure that the participant’s low back laid flat against the table so that the pelvis and 
lumbar spine remained in a neutral position throughout the entire test. Using a digital 
inclinometer placed on the thigh, the passive hip extension range of motion was measured. 
Measurements were considered negative if the thigh dropped below the horizontal and 
positive if the thigh remained above the horizontal.   
 
Figure 2.1: The modified Thomas test (MTT) has the participant lie on the edge of a table 
with the tested leg hanging passively off the table and the opposite leg held against the 
chest. 
Gait Analysis 
A standardized neutral running shoe (New Balance, R662WSB, Boston, MA) was 
provided for each participant to wear during the data collection. Retro-reflective markers 
were placed bilaterally on the following landmarks: acromion process, iliac crest, ASIS, 
PSIS, greater trochanter, medial and lateral knee, medial and lateral malleoli, lateral heel, 
proximal heel, distal heel, first and fifth metatarsal head, and toe. Additional markers were 
placed on the sternal notch, seventh spinous vertebral process (C7), apex of kyphosis (T6 
or T7, depending on the person), apex of lordosis (L3), and an offset on the right foot. 
8 
 
Finally, rigid body clusters of 4-5 markers were placed on the posterior aspect of the 
subject’s right and left thigh and shank (Appendix A).  
The gait analysis was completed using 10 Eagle Motion Analysis cameras (Motion 
Analysis Corp, Santa Rosa, CA) and an instrumented treadmill (Bertec, Columbus, OH) 
recording at 200Hz and 1000Hz respectively. A static trial of each participant was captured 
to identify the anatomical locations of the markers. Following the static trial, some of the 
anatomical markers were removed, leaving only the 36 tracking markers. Participants were 
told to select a speed on the treadmill equivalent to an easy 30 minute run. After a five 
minute acclimation period (17), marker trajectory data were collected for three trials of 10 
seconds in duration. The average running speed for the 20 participants was 2.85 ± 0.38 m/s.  
Data Processing 
Marker trajectory data were tracked using Cortex software (Motion Analysis Corp., 
Santa Rosa, CA). Further data processing, including filtering and calculating joint/segment 
angles, was conducted using Visual 3D software (C-Motion Inc., Germantown, MD). Raw 
marker trajectory data were filtered using a fourth order low-pass Butterworth filter with a 
cut-off frequency of 8 Hz. An X-Y-Z cardan sequence (sagittal-frontal-transverse) was 
used to quantify joint angles, in which the distal segment was expressed relative to the 
proximal segment. The pelvis was expressed relative to the lab. For the kinematic 
description of lumbar spine extension, an adapted version of the marker set and model from 
Junquiera et al. (18) was utilized. The only difference in relation to the marker set was that 
a virtual marker at the midpoint of the two PSIS markers was used instead of a marker at 
the lower edge of the sacrum (S2 or S3). Kinematic data of the least flexible limb based on 
the results of the MTT was selected for further analysis. Initial contact and toe-off were 
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identified using vertical ground reaction force data, with the threshold set at 35 N. Discrete 
variables of interest included peak values for hip extension, anterior pelvic tilt, and lumbar 
spine extension. The peak values for the kinematic variables of interest were defined as the 
greatest values observed during the gait cycle. The ensemble mean value for five 
consecutive gait cycles of each kinematic variable was calculated for each subject. 
Stretching Protocol 
All participants were assigned the same stretching protocol, which consisted of a 
standing hip flexor stretch and a kneeling modified lunge stretch (Figure 2.1).  Ten 
repetitions were completed for each stretch, with a 10 second hold and a 10 second rest for 
each repetition. Participants were asked to perform this stretching protocol once a day for 
the duration of the three-week study. Written instructions were provided to each 
participant, describing the stretching techniques and the program details. After explaining 
the procedures, the stretch was demonstrated by the researcher. The participant was then 
asked to perform the stretch in the presence of the researcher to ensure proper technique. 
They were encouraged to maintain their daily activities, with the addition of the stretching 
protocol as the only exception. Also, a daily calendar was given to each participant, which 
allowed them to check off each day after they completed their daily stretches. The primary 
investigator checked in with participants at the end of each week in order to monitor and 
encourage compliance. Adherence was quantified as a percentage, and was calculated as 
the number of days stretched divided by the total number of days multiplied by 100. While 
they were encouraged to stretch every day, participants were required to stretch at least five 
days each week (71.4%) for adherence to the program to be met. For the 20 participants, 
adherence was found to be 86.7 ± 9.0%.   
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Figure 2.2: The stretching program consisted of A) a standing hip flexor stretch and B) a 
modified kneeling lunge stretch, which were performed each day.  
Statistical Analysis 
All kinematic and flexibility dependent variables of interest were compared before 
and after the three-week stretching program using dependent t-tests. Correlations were 
performed between the change in passive hip extension and: i) the change in active hip 
extension; ii) the change in anterior pelvic tilt; iii) the change in lumbar spine extension. 
In addition, correlations were conducted between selected peak sagittal plane kinematic 
values of the LPH complex during running (using the PRE session), including active hip 
extension vs. )anterior pelvic tilt, active hip extension vs. lumbar spine extension, and 
anterior pelvic tilt vs. lumbar spine extension. Finally, correlation analyses were conducted 
for stretching adherence vs. the change in passive hip extension as well as stretching 
adherence vs. the change in active hip extension. Interpretation of Pearson correlation 
coefficient (r) followed guidelines set out by Hinkle et al. (19) for very high (r > 0.90), 
high (r = 0.70 – 0.90), moderate (r = 0.50 – 0.69), low (r = 0.30 – 0.49), and negligible (r 
= 0.00 – 0.29). All statistical analyses were performed using SPSS statistical software 
(SPSS Inc., Chicago, IL) with a significance level of p < 0.05.  
B) A) 
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CHAPTER THREE: RESULTS 
 The results section presents the findings of this study, including the dependent t-
tests and the correlation analyses that were conducted on the data collected.  
Results 
Mean values for passive hip extension, as well as sagittal plane kinematics of the 
LPH complex, are presented in Table 3.1. The results of the study showed a significant 
increase in passive hip extension following the three-week static stretching program (Table 
3.1). In addition, Figure 3.1 shows the individual changes in passive hip extension that each 
participant made following the three-week stretching program, with 19 out of 20 
participants demonstrating an increase in passive hip extension (range = -8.3º to 24.0º).   
 
Table 3.1: Passive Flexibility and Kinematic Values (Mean ± SD) both prior to (PRE) and 
following (POST) the three-week stretching program 
 PRE POST P-value Effect 
Size 
Passive Flexibility (°)     
      Hip Extension (-ve) 9.4 ± 5.2 -1.2 ± 8.9 <0.001* 0.59 
Gait Kinematics (°)     
      Hip Extension (-ve) -4.3± 6.2 -4.1 ± 5.9 0.75 0.02 
      Anterior Pelvic Tilt (+ve) 21.0 ± 4.7 21.6 ± 4.6 0.36 0.06 
      Lumbar Spine Extension (-
ve) 
-25.2 ± 9.9 -25.5 ± 8.4 0.68 0.02 
* Denotes significance at P < 0.05 level 
Despite the significant improvement in passive hip extension following the three-
week stretching program, there were no differences in peak active hip extension, anterior 
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pelvic tilt, or lumbar spine extension during running between PRE and POST (Table 3.1). 
The sagittal plane kinematics of hip extension (Figure 3.2a), anterior pelvic tilt (Figure 
3.2b), and lumbar spine extension (Figure 3.2c) remained nearly identical through the 
entire gait cycle following the three-week stretching program. In addition, no relationship 
was found between the change (between PRE and POST) in passive hip extension with 
either the change in peak active hip extension, peak anterior pelvic tilt, or peak lumbar 
spine extension during running (Table 3.2). 
 
 
 
Figure 3.1: Individual changes in passive hip extension flexibility following the three week 
stretching program. Positive bars indicate improvements in flexibility, while negative bars 
indicate reductions. The dashed lines indicate the precision of the flexibility measurement 
as determined by the intra-rater reliability analysis.  
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Table 3.2: Relationships between the change in passive hip extension (PRE-POST) and 
the changes in several kinematic variables during running (PRE-POST) 
 Pearson r P-value 
Active Hip Extension -0.26 0.27 
Anterior Pelvic Tilt 0.21 0.38 
Lumbar Spine Extension -0.40 0.08 
 
 
While no relationship was found between passive hip extension and the sagittal 
plane kinematics of the LPH complex, there was a high positive correlation (r = 0.83, p < 
0.001) between anterior pelvic tilt and active hip extension during running (Figure 3.3a), 
where a greater peak hip extension angle was associated with a reduced anterior pelvic tilt 
angle. A low negative correlation was found between lumbar spine extension and anterior 
pelvic tilt (r = -0.41, p = 0.08), showing that as the peak anterior pelvic tilt angle increased, 
the peak lumbar spine extension angle increased as well (Figure 3.3b). Lumbar spine 
extension and hip extension also displayed a low negative correlation (r = -0.34, p = 0.15), 
where a greater peak hip extension angle was associated with a lower peak lumbar spine 
extension angle (Figure 3.3c).  
Finally, there were no relationships between stretching adherence and change in passive 
hip extension (r = -0.176, p = 0.457) or between stretching adherence and change in peak 
active hip extension angle (r = 0.019, p = 0.937).  
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A) 
 
B)  
 
C)  
 
Figure 3.2: Mean ensemble curves of A) active hip extension; B) anterior pelvic tilt; and 
C) lumbar spine extension, throughout the entire gait cycle.  
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Figure 3.3: Relationship between: A) peak anterior pelvic tilt (APT) and peak hip 
extension during running; B) peak lumbar spine extension and peak anterior pelvic tilt 
(APT) during running; C) peak lumbar spine extension and peak hip extension during 
running.  
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CHAPTER FOUR: DISCUSSION 
 The discussion section interprets the results that were reported in chapter three. It 
also includes a listing of the potential limitations of the study. The discussion aims to 
contribute new knowledge to the topic in question. 
Discussion 
The aim of this study was to investigate the effects of a three week stretching 
program on passive hip extension flexibility and the sagittal plane kinematics of the LPH 
complex during running.  An increase in passive hip extension was observed following the 
stretching program. However, contrary to our hypothesis we observed no increase in active 
hip extension or reductions in anterior pelvic tilt or lumbar spine extension during running 
following three weeks of static stretching.   
The results we found for passive hip extension were similar to previous studies (11, 
12). Winters et al. (11) reported improvements in passive hip extension of 13° and 14° 
following three weeks and six weeks of static stretching respectively. Similarly,  a 13.6° 
increase in passive flexibility was reported by Moreside and McGill (12), who analyzed 
passive hip extension following six weeks of static stretching in healthy young men with 
limited hip mobility. The improvements reported in the literature are of a similar magnitude 
to the change of nearly 11° noted in the present study. The increase in passive flexibility 
can be attributed to the viscoelastic properties of muscle-tendon units. Repeated tensile 
loads on a muscle-tendon unit result in prolonged elongation of the muscle-tendon unit, 
which suggests that static stretching can improve the range of motion at a joint (20). The 
significant increase in passive hip extension range of motion found in the present study 
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shows that the experimental protocol consisting of three weeks of static stretching was 
indeed successful. The fact that passive hip extension improved in 19 out the 20 
participants also highlights the effectiveness of the stretching program.  
Despite the increase in passive hip extension, we observed no increase in active hip 
extension during running following three weeks of static stretching. Furthermore, there 
were no reductions in anterior pelvic tilt or and lumbar spine extension during running. 
These results are consistent with the findings of Moreside and McGill (13), who reported 
no significant changes in active hip extension during several functional movements despite 
observing an increase in passive hip extension following six weeks of static stretching in a 
healthy young population. Watt et al. (14) also found that an increase in passive hip 
extension did not correspond to an increase in active hip extension during walking in a 
healthy elderly population. Thus, it appears that improvements in passive hip extension are 
not accompanied by changes in active hip extension in a healthy population, regardless of 
the activity performed (functional movement, walking, running) or the age of the sample. 
Although we did not see an increase in the mean active hip extension for the sample, 
there appeared to be individual variation in the response to the static stretching program. 
For example, one participant displayed an increase in passive hip extension of 24.0°, while 
another actually decreased by 8.3°. Similar variation was also observed in active hip 
extension (range = -10.1° – 5.5°). Therefore, a correlation analysis was conducted to 
determine whether individuals with greater improvements in passive hip extension also 
underwent greater improvements in active hip extension during running. However, no 
relationship was found between the changes in passive and active hip extension, thus 
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providing further evidence that improvements in passive flexibility do not necessarily 
translate to a greater range of motion during dynamic movements. 
While the extensibility of the musculature surrounding the hip joint has the 
potential to influence the movement pattern of the joint, the poor association found between 
passive and active hip extension suggests that flexibility is not the only factor influencing 
the dynamic range of motion at the hip. Some alternative factors that may help explain the 
lack of relationship between passive and active hip extension include the geometry of the 
joint (21) and the speed that the dynamic task is performed (7). Wilson et al. (21) showed 
that joints have a preferred path of least resistance based on both the geometric parameters 
of the articular surfaces and the surrounding tissues. The tissues and ligaments surrounding 
a joint do play a role in motion, but they must work together with the articular surface 
geometry to actually produce motion at the joint. Alternatively, Schache et al. (7) 
hypothesized that static flexibility may not be an important factor for a healthy population 
when running at submaximal speeds. Given that increases in gait speed are typically 
achieved by lengthening the stride, running at submaximal speeds may mean that the full 
range of motion at the hip is not required to perform the task. Evidence for this theory is 
supported by the results of Watt et al. (14), who reported that an elderly population who 
displayed limited active hip extension during walking underwent significant improvements 
in both passive and active hip extension during walking following a 10 week static 
stretching program. The increases in active hip extension were accompanied by an increase 
in stride length, which suggests that passive flexibility does play a role in dynamic 
movements, albeit only when those dynamic movements are pushing an individual to 
utilize their full range of motion. Further research is required to answer the question of 
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whether passive hip extension flexibility influences active hip extension flexibility at 
greater running speeds.   
The same self-selected speed was utilized during both the PRE and POST sessions 
in order to control for speed as a confounding variable. It is possible that the self-selected 
speed would have been different during the POST session as previous research has reported 
that an increase in active hip extension is accompanied by an increase in stride length (14). 
Keeping the running speed constant may have prevented us from seeing any changes in the 
sagittal plane kinematics of the LPH complex. It is possible that increasing passive hip 
extension flexibility would increase an individual’s economy, thereby allowing them to run 
at a faster speed at a given effort. Therefore, it would have been helpful to collect oxygen 
uptake as a measure of running economy.  
While no relationship was found between passive and active hip extension, several 
correlations were noted between the sagittal plane kinematics of the LPH complex. Our 
results revealed a high positive correlation between active hip extension and anterior pelvic 
tilt during running. A strong relationship (r = 0.90) between the sagittal plane kinematics 
of the hip and pelvis has also been reported before (7, 8). However, the low negative 
correlation we found between lumbar spine extension and anterior pelvic tilt is lower than 
that reported by Schache et al. (9) (r = -0.84), which may be due to the different method 
they used to calculate lumbar extension. In addition, our results revealed a high deviation 
of the lumbar spine extension values throughout the entire gait cycle, thus indicating a large 
amount of individual variation between participants. Similar variability in lumbar spine 
extension was found by Whittle and Levine (22), who concluded that lumbar spine 
extension is a highly individualistic movement pattern.  
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To our knowledge, no previous research has investigated the relationship between 
hip extension and lumbar spine extension during running. This is important since the 
relationship between the sagittal plane kinematics of the LPH complex has been discussed 
as a potential risk for injuries in runners (10, 23-27). Repetitive impingement of the 
vertebral facets due to hyperextension of the lumbar spine is thought to be related to the 
onset of LBP in runners (23-25). While the negative correlation found in our study was 
low, it still provides important information regarding the kinematic relationships between 
the hip, pelvis, and spine in a healthy population. Such data is vital as it provides normative 
data that can be used for comparison to a population with LBP.  
Limitations 
 Several limitations should be noted in this study. Firstly, error due to marker 
placement is always present, although a single trained investigator performed all marker 
placement to avoid inter-tester variability. Further errors may be present due to skin 
movement artefact, as the markers placed on top of the skin do not truly represent the 
underlying bony landmarks. While this is an unavoidable limitation, it should be noted that 
physically fit nature of the participants in the study would have helped to reduce the 
magnitude of this error. 
 Adherence to the home-based stretching program is another potential limitation. 
While participants were given a calendar to log their progress and the primary investigator 
checked in at the end of each week to remind the participants of the importance of 
stretching, the true adherence to the stretching program was unknown. Although all but 
one participant appeared to follow the stretching program based on their calendar logs, it 
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was assumed that participants were being honest when filling out their logs. The significant 
improvements in passive hip extension following the three weeks of stretching appear to 
support this assumption.  
 The reliability of the MTT has been questioned in the past (28). However, the 
reliability analysis performed on the MTT data from the study produced an SEM of 3.5°. 
The SEM shows that the significant difference between the PRE (9.43°) and POST (-1.23°) 
passive flexibility far exceeds the magnitude of the testing errors.   
 All participants were instructed to maintain their regular daily activities throughout 
the duration of the study, with the exception of adding the stretching protocol each day. 
However, as flexibility has been shown to increase following physical activity (29), the 
physical activities performed on the day of testing should have been restricted.  
Furthermore, considering that all subjects were healthy, caution should be taken 
when relating these results to a population with LBP. It has been reported that individuals 
with LBP display different trunk, pelvis, and lower extremity kinematics compared to 
healthy individuals (30-34). While the participants of our study displayed limited passive 
hip extension similar to individuals who suffer from LBP, they were otherwise a healthy 
population. It would be of interest to conduct this study on a population of individuals with 
LBP to determine whether increasing passive hip extension has a beneficial effect on the 
sagittal plane kinematics of the LPH complex.  
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CHAPTER FIVE: CONCLUSIONS 
 The conclusions section contains a summary of the study, as well as final 
conclusions that can be made based on the results of the study. Finally, recommendations 
are given for future studies that could be conducted.  
Summary 
 While low back pain affects a substantial amount of runners each year, the 
underlying cause of it remains unknown. However, the relationship between sagittal plane 
kinematics of the hip, pelvis, and spine suggests that low back pain during running may be 
caused by limited flexibility of the hip flexor musculature. Therefore, this study analyzed 
the effects of a three-week hip flexor stretching program on the sagittal plane kinematics 
of the hip, pelvis, and spine in 20 healthy runners. Based on a screening to determine 
passive hip extension flexibility, individuals who exhibited limited passive hip extension 
were recruited to participate in two gait analyses separated by three weeks, during which 
they were asked to complete a home-based static stretching program of the hip flexor 
musculature. Following this, data from the baseline visit was compared to the data from 
the follow-up visit, and any potential differences in flexibility or sagittal plane kinematics 
between the two visits were analyzed. In addition, correlations were performed to analyze 
any potential relationships between the variables of interest. 
While the results found an increase in passive hip extension following the stretching 
program, no significant changes in the sagittal plane kinematics were found. In addition, 
no relationships between the change in passive hip extension and the change in either peak 
active hip extension, peak anterior pelvic tilt, or peak lumbar spine extension were 
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discovered. The lack of relationship between the change in passive hip extension and the 
change in active hip extension suggest that flexibility is not the only factor that influences 
range of motion at the hip during dynamic movements. Other potential factors influencing 
the hip range of motion include the geometric parameters of the joint and the speed that the 
movement is performed at.  
Although passive hip extension was not related to active hip extension, anterior 
pelvic tilt, or lumbar spine extension, several relationships were noted. Correlations 
observed between hip extension, anterior pelvic tilt, and lumbar spine extension during 
running show that a relationship does exist between the movements of these three 
segments. That relationship is important to understand, as it may provide insight into an 
underlying mechanism that helps to explain the cause of low back pain in runners.  
Conclusion 
 The results of the present study demonstrated that a three-week static stretching 
program of the hip flexor musculature resulted in an increase in passive hip extension, but 
no change in the sagittal plane kinematics of the hips, pelvis, and spine during running. 
The absence of any changes in the kinematics of the LPH complex, as well as the absence 
of a correlation between passive and active hip extension, suggest that muscular flexibility 
is not the only factor that determines range of motion at the hip during running at 
submaximal speeds.  However, the correlations observed between hip extension, anterior 
pelvic tilt, and lumbar spine extension during running suggest a kinematic relationship 
exists between the segments making up the LPH complex. This relationship should be 
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explored further in runners with LBP, as the sagittal plane kinematics of the LPH complex 
may offer a theoretical mechanism to help explain pain in this population. 
Recommendations for Future Research 
 In the future, it would be helpful to analyze the effects of a stretching program on 
the sagittal plane kinematics during running at a faster speed. The current study analyzed 
the running kinematics at a submaximal speed, which may have limited the results we saw. 
Additionally, collecting oxygen uptake as a measure of running economy may help to 
provide additional information regarding the influence of passive hip extension flexibility 
on the sagittal plane kinematics of the LPH complex during running. Finally, the same 
study could be conducted on a low back pain population of runners. Doing so would allow 
comparisons to be made between a healthy population and a low back pain population, 
potentially giving insight into an underlying mechanism that would help to explain one of 
the causes of low back pain in runners.  
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Appendix A: Marker Set 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Tracking Marker 
  Anatomical Marker 
 
 
RSHL 
LPSI RPSI 
L4 
T7 
C7 
CHST 
LSHL 
LLKN RLKN 
RASI 
LICR RICR 
LASI 
RMKN LMKN 
R5MH L5MH 
RLMA 
RMMA LMMA 
LLMA 
LGTR RGTR 
L1MH LTOE R1MH 
RTOE 
ROFF 
LTAT    LTPT 
LBAT    LBPT 
RTAS    RTPS 
RBAS    RBPS 
RTAT    RTPT 
       RMID 
RBAT    RBPT 
LTAS    LTPS 
LBAS    LBPS 
RPHE     
RDHE    RLHE 
               LPHE 
LLHE    LDHE 
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Appendix B: Model Definition 
Pelvis: 
A CODA pelvis was used to define the pelvic coordinate system. A plane was defined 
using LASI and RASI and the midpoint of the LPSI and RPSI (Appendix A). The medio-
lateral (X) axis was defined from the midpoint of the LASI and RASI towards RASI. The 
vertical (Z) axis was perpendicular to the plane formed by the ASIS and PSIS markers. The 
antero-posterior (Y) axis was defined as the cross-product of the X-axis and Z-axis with its 
positive direction anterior. 
Thigh: 
A plane was defined using the hip joint center (35) and the RMKN and RLKN markers. 
The vertical axis (Z) was defined as the vector originating at the midpoint of RMKN and 
RLKN with its positive direction pointing towards the hip joint center. The antero-posterior 
axis (Y) was perpendicular to the plane formed by RMKN and RLKN and the hip joint 
center with its positive direction anterior. Lastly, the cross product of the first two axes 
defined the medio-lateral axis (X) with its positive direction to the right. The tracking 
markers were a rigid cluster of four (LTAT, LTPT, LBAT, and LBPT) or five markers 
(RTAT, RTPT, RBAT, RBPT, and RMID) placed on the lateral and posterior side of the 
distal thigh. 
Shank: 
A plane was defined using RMKN and RLKN and RMMA and RLMA. The vertical axis 
(Z) originated at the midpoint of RMMA and RLMA with its positive direction pointing to 
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the midpoint of RMKN and RLKN. The antero-posterior axis (Y) was perpendicular to the 
plane formed by RMKN, RLKN, RMMA, and RLMA with the anterior direction positive. 
The cross-product of the Y and Z axes gave the medio-lateral axis (X) with its positive 
direction to the right. The tracking markers were a rigid cluster of four markers (RTAS, 
RTPS, RBAS, and RBPS) placed on the lateral and posterior side of the distal shank.  
Foot:  
The vertical (Z) axis was defined as the vector originating at RDHE with the positive 
direction pointing to the RPHE. The antero-posterior axis (Y) was parallel to the floor and 
was defined as the vector from RDHE to the midpoint of R1MH and R5MH with the 
anterior direction positive. The cross-product of the Y and Z axes gave the medio-lateral 
axis (X) with the positive direction to the right. Tracking markers included RDHE, RPHE, 
and RLHE.  
Trunk: 
A plane was defined using RSHL, LSHL, RICR, and LICR. The vertical axis (Z) originated 
at the midpoint of RICR and LICR with its positive direction pointing towards the midpoint 
of RSHL and LSHL. The antero-posterior axis (Y) was perpendicular to the plane formed 
by RSHL, LSHL, RICR, and LICR with the anterior direction positive. The cross product 
of the Y and Z axes gave the medio-lateral axis (X) with its positive direction to the right. 
Tracking markers included CHST, C7, T7, and L4.  
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Appendix C: Expanded Literature Review 
Running Injuries 
 Running is one of the most popular recreational activities in the United 
States, with over 50 million people participating each year in the United States alone (1). 
Unfortunately, participation in running is often accompanied by injury. Running injuries 
are common, with annual incidence rates ranging from between 19.4% to 92.4%, 
depending on the specific definition of a “running injury” (2). Generally, it is accepted that 
approximately 50% of runners experience an injury each year (3). According to Lopes et 
al. (4), low back pain accounts for approximately 5.5% of those injuries.  
Mechanisms of Low Back Pain 
 Low back pain is often differentiated into three categories: specific spinal 
pathology, nerve root pain, and simple or non-specific low back pain (36). Low back pain 
is a common ailment; it has been estimated that up to 84% of the general population have 
dealt with low back pain at some point in their lives (37), with non-specific low back pain 
accounting for approximately 85% of low back pain patients seen in a primary care setting 
(38). Despite the high prevalence rate, the underlying mechanisms that cause this condition 
are poorly understood.  
 Much of the literature related to non-specific low back pain has focused on either 
muscular dysfunction of the trunk/spine region (39-41) or the muscles surrounding the hips 
(42-44) as potential contributors to low back pain. However, there are also studies that 
focus on the kinematics of the trunk, pelvis, and lower extremities as a way to help explain 
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low back pain (30-34). To explain the how the interaction between the muscular 
dysfunction of the trunk and hips and abnormal kinematics of the hip, pelvis, and lumbar 
spine could potentially contribute to low back pain, Janda (45-47) proposed the concept of 
the Pelvic Crossed Syndrome. The Pelvic Crossed Syndrome is characterized by 
hyperactivity and tightness at the hip flexors and spinal erectors, and weakness and 
increased length of the gluteal and abdominal muscles. These muscular imbalances are 
typically accompanied by anterior tilt of the pelvis, increased flexion of the hips, and 
hyperlordosis of the lumbar spine, which can overstress the hip joints and lower back. The 
Pelvic Crossed Syndrome has been found in patients dealing with non-specific low back 
pain, and therefore may help to explain the underlying mechanisms for low back pain.  
Anatomy of Lumbo-Pelvic-Hip Complex 
The Pelvic Crossed Syndrome was proposed as a way to explain the muscular and 
kinematic interactions between the lumbar spine, pelvis, and hips. The lumbo-pelvic-hip 
(LPH) complex consists of the five vertebrae of the lumbar spine, the pelvic girdle, and the 
hip joint (48).  
Lumbar Spine 
The spinal column is made up of 24 articulating vertebrae and nine that are fused. 
The column can be further divided into five sections. The most superior seven vertebrae 
are known as the cervical vertebrae. They are followed by the 12 thoracic vertebrae and 
the five lumbar vertebrae. The most inferior sections of the vertebral column are the sacrum 
and coccyx, which are made up of five and four fused vertebrae, respectively. Except for 
the atlantoaxial joint, which is made up of the first two cervical vertebrae, the intervertebral 
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joints only allow for limited movement between any two vertebrae. It is the cumulative 
effect of the movements of each intervertebral joint that allows for substantial movement 
of the spine in any direction. The rest of the vertebral articulations are classified as 
arthrodial joints because of the limited gliding movement that can occur between the joints. 
In between each vertebrae are the intervertebral disks, which is made up of elastic material. 
The placement of the intervertebral disks allows for compression in all directions (49).  
The movable vertebrae of the spine have three normal curves. The cervical and 
lumbar sections of the spine naturally have an anterior convex curve to them, while the 
thoracic section has an anterior concave curve to it. The normal curves of the spine better 
enable it to absorb blows and shocks. However, an excessive posterior concave curve of 
the cervical or lumbar section, known as lordosis, can occur. Excessive anterior concavity 
of the thoracic section, known as kyphosis, can also occur (49). Lordosis or kyphosis may 
cause repetitive impingement of the vertebral facets due to excessive forces being placed 
on a more localized area of the intervertebral disk, which is thought to be related to the 
onset of low back pain (25).  
Pelvic Girdle and Hip Joint 
The pelvic girdle consists of the right and left pelvic bone joined together by the 
sacrum of the spinal column. Each of the pelvic bones are made up of three areas: the ilium, 
the ischium, and the pubis. The ilium makes up the upper two fifths of the pelvic bone, 
while the posterior lower two fifths is the ischium and the anterior lower one fifth is the 
pubis. The lateral aspect of the pelvic bone includes the acetabulum, which is a cup-shaped 
structure into which the femoral head fits. The hip joint, also known as the acetabular 
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femoral joint, is a ball and socket joint. The structure of the ball and socket joint allows for 
a wide range of motion at the hip in all three planes of motion (49). 
Muscles of the Hip Joint 
There are 21 muscles that contribute to motion at the hip joint in all three planes. 
In the sagittal plane, the muscles utilized primarily to produce hip flexion movement are 
the iliopsoas, sartorius, tensor fasciae latae, rectus femoris, adductor longus, and pectineus, 
while the muscles that produce hip extension movement are the gluteus maximus, adductor 
magnus, biceps femoris, semitendinosus, and semimembranosus. In the frontal plane, the 
pectineus, gracilis, adductor longus, adductor brevis, and adductor magnus all produce 
adduction, while the gluteus medius, gluteus minimus, and tensor fasciae latae produce 
abduction. The transverse plane external rotators are the gluteus maximus, piriformis, 
gemellus superior, gemellus inferior, and quadratus femoris. The internal rotators include 
the gluteus minimus, gluteus medius, tensor fasciae latae, adductor longus, adductor brevis, 
adductor magnus, and pectineus (50).  
The hyperactivity and tightness of the hip flexor muscles found in individuals who 
exhibit symptoms of the Pelvic Crossed Syndrome relate this muscle group to LBP. Of the 
six hip flexor muscles, the iliopsoas, tensor fasciae latae, adductor longus, and pectineus 
muscles are all one-joint muscles, meaning they only cross the hip joint. On the other hand, 
the rectus femoris and sartorius muscles are two-joint muscles, which means that they cross 
both the hip and knee joints (49).  
The iliopsoas is often divided into two separate parts: the iliacus and the psoas. The 
origin of the iliacus is on the inner surface of the ilium, while it inserts into the lesser 
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trochanter of the femur. The psoas muscle originates on the lumbar vertebrae, the sides of 
the bodies of the last thoracic vertebrae, the intervertebral fibrocartilages, and the base of 
the sacrum. The psoas major also inserts into the lesser trochanter of the femur, similar to 
the iliacus, while the psoas minor inserts in the pectineal line of the pubis, which is located 
on the front of the pubis just above the crest, and the iliopectineal eminence. The tensor 
fasciae latae originates on the anterior iliac crest and the surface of the ilium, while it inserts 
a quarter of the way down the thigh into the iliotibial tract. The origin of the adductor 
longus is anterior pubis, while its insertion is in the middle third of the linea aspera. The 
pectineus is the last one-joint muscle that produces hip flexion. It originates on the pectineal 
line and inserts into the pectineal line of the femur, which is located below the lesser 
trochanter towards the linea aspera (49). 
The two-joint muscles, which include the rectus femoris and the sartorius, originate 
on the pelvis but cross both the hip and knee joints to insert on the tibia. The rectus femoris 
originates at the anterior interior iliac spine of the ilium and the groove above the 
acetabulum. It inserts at both the superior aspect of the patella and the patellar tendon to 
the tibial tuberosity. The sartorius originates at the anterior superior iliac spine and the 
notch just below the spine, while it inserts on the anterior medial surface of the tibia just 
below the condyle (49).  
Kinematics of Lumbo-Pelvic-Hip Complex and Low Back Pain 
Normal biomechanics of gait consist of complex coordinated movement patterns of 
the hip, pelvis, and lumbar spine (7, 9, 22, 48, 51). Deviations from normal gait kinematics 
can potentially place an individual at risk for injury due to altered loading patterns on the 
33 
 
spine and lower extremity joints. Therefore, it is possible that abnormal kinematics play a 
role in low back pain.  
Hip Extension and Anterior Pelvic Tilt 
Although the exact underlying cause of non-specific low back pain (LBP) in 
runners is currently unknown, research suggests the existence of a kinematic relationship 
between the hips, pelvis, and lumbar spine. Limited “passive” hip extension flexibility, 
defined as the range of motion measured in a static position, is thought to cause an increase 
in both anterior pelvic tilt and lumbar lordosis during running (10). In 14 healthy track and 
field athletes, Schache et al. (7) found a significant positive correlation between anterior 
pelvic tilt and “active” peak hip extension flexibility during a dynamic activity, which in 
this case was running. Anterior pelvic tilt tended to be greater in runners who displayed 
reduced active peak hip extension during terminal stance of running. Similar results were 
found by Franz et al. (8), who reported a significant positive correlation between peak 
anterior pelvic tilt and active peak hip extension during both walking (r = 0.90, p < 0.01) 
and running (r = 0.83, p , 0.01) in a group of 75 healthy, recreational runners. Kerrigan et 
al. (52) reported the same positive correlation (r = 0.69, p < 0.01) in a healthy elderly 
population, suggesting that this relationship exists across different populations.  
Anterior Pelvic Tilt and Lumbar Spine Extension 
In addition to the correlation between limited active hip extension flexibility and 
greater anterior pelvic tilt, a relationship has also been established between anterior pelvic 
tilt and extension of the lumbar spine. This relationship has been shown to exist during 
static standing (53), walking (54), and running (9). In a sample made up of 20 injury-free 
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male runners, Schache et al. (9) reported a high correlation between anterior tilt of the 
pelvis and extension of the lumbar spine (r = -0.84). The correlations between hip extension 
and anterior pelvic tilt, as well as between anterior pelvic tilt and lumbar spine extension, 
suggest a kinematic relationship between the segments of the lumbo-pelvic-hip (LPH) 
complex during running. However, to our knowledge, no relationship has been established 
between active hip extension and lumbar spine extension during running.  
Flexibility in Research 
Passive vs. Active Flexibility 
Flexibility of the hip flexors can be defined in terms of passive flexibility or active 
flexibility. Passive flexibility is measured during a static position, such as during the 
modified Thomas test (MTT), while active flexibility is measured during a dynamic 
movement, such as running.  
Modified Thomas Test 
The MTT is a test used to measure passive hip extension flexibility. In the test, 
participants are positioned on their back with their measured hip at the edge of the treatment 
table and their tested leg hanging passively off the table. At the same time, the opposite leg 
is held by the participant with the hip and knee in a flexed position against the chest. 
Participants are instructed to pull their knee straight to their head in order to prevent any 
hip abduction. Care is also be taken to ensure that the participant’s low back lays flat 
against the table so that the pelvis and lumbar spine remain in a neutral position throughout 
the entire test. Using a digital inclinometer placed on the thigh, the hip extension flexibility 
will be measured. According to Kendall et al. (55), the angle that the thigh produces relative 
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to the horizontal defines the flexibility of the hip flexor muscles, including the iliacus, 
psoas, pectineus, rectus femoris, and sartorius. Individuals are considered to have sufficient 
flexibility if the thigh drops below the horizontal, but reduced passive hip extension 
flexibility if the thigh remains above the horizontal.   
 The accuracy and reliability of the MTT may be affected by variations in the 
assessment skill of the investigator, consistency of the assessment procedure, accuracy of 
the measurement equipment, or the scoring method (28). While its use as an assessment 
technique for hip extension flexibility is well established, the reliability of the MTT has 
been questioned (28). However, other studies have demonstrated the excellent test-retest 
reliability of the MTT (ICC = 0.97, SEM = 1.51, MDD = 4.17) (16). Similar results were 
found by Cejudo et al. (56), who reported intraclass correlation coefficients of at least 0.87 
on three different testing sessions of the MTT.  
Gender and Flexibility 
 Research shows that females are more flexible than males at most joints in the body 
(57-61). However, it is unclear whether males and females produce similar improvements 
in flexibility in response to a stretching program. Cipriani et al. (57) found that both males 
and females demonstrated similar improvements in flexibility when participating in a four-
week hamstring stretching program. While females displayed greater hip range of motion 
than males both at baseline and after the four weeks of stretching, the rate of change over 
time was not significantly different between genders. However, these findings contradict 
the results of Starring et al. (61), who reported that females saw greater improvements in 
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hamstring flexibility following five days of static or cyclic stretching than their male 
counterparts.  
Hip Extension and Low Back Pain 
Normal Population 
The kinematic correlations between the segments of the LPH complex during 
running suggests a relationship between hip extension flexibility and LBP. Evidence to 
support the relationship shows that individuals with non-specific LBP display significantly 
less passive hip extension than healthy individuals (6). Similar results were reported by 
Roach et al. (5), who discovered that passive hip extension flexibility was significantly 
greater in the active healthy group (6.78 ± 7.18°) compared to the active LBP group (-4.16 
± 8.81°). While the studies by Van Dillen et al. (6) and Roach et al. (5) were not conducted 
on a running population, the kinematic behavior of the LPH complex may provide insight 
into the underlying cause of low back pain during running.   
Running Population 
While limited passive hip extension has been associated with non-specific LBP in 
a normal population, causation for the reduced range of motion during running has yet to 
be established. It is possible that reduced passive flexibility of the hip flexor muscle group 
may contribute to the reduction in active hip extension during running. In an attempt to 
explain a potential cause of LBP in runners, Wang et al. (62) compared the passive hip 
extension flexibility between a running and non-running group using the MTT. While they 
discovered no difference in flexibility between the groups, the aforementioned authors 
suggested that their results may have been due to many of their participants from both the 
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running and non-running groups spending a significant portion of their day in a seated 
position. This would place the hip flexor muscles in a shortened range and may influence 
the extensibility of these muscles. On the other hand, a study conducted by Bach et al. (10) 
compared hip flexibility between runners and non-runners. The researchers found reduced 
passive flexibility of the hip flexors in the running group. Furthermore, the researchers 
separated the runners into a back pain group and a healthy group to explore the relationship 
between LBP and hip flexor tightness. While they did not find a relationship between 
reduced passive hip extension flexibility and LBP, their small sample size (N=10) limited 
the conclusions of their study, and thus further investigation into the relationship between 
hip flexor flexibility and LBP is warranted. 
Improving Flexibility to Reduce the Symptoms of Low Back Pain  
Frequency and Duration of Static Stretching 
 Static stretching is a method to increase muscular extensibility in which the muscle 
is slowly lengthened to tolerance and then held at that position for a period of time. 
Numerous studies have attempted to identify the optimal frequency and duration that static 
stretching must be performed to gain improvements in flexibility (63-70). It has been 
shown that during a single bout of static stretching, a 15 second hold is just as effective at 
increasing hip abduction flexibility as a 45 or 120 second hold (63). However, when a six 
week stretching program was performed, results showed that a single repetition of either a 
30 second or 60 second hold was more effective at improving flexibility than a single 
repetition of a 15 second hold (64). In addition, there was no significant difference in 
flexibility improvements between the 30 second hold or the 60 second hold. These results 
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suggest that to see prolonged improvements in flexibility, the duration of the static stretch 
must be at least 30 seconds.  
 Other studies have since shown that the duration of the stretch hold position may 
not be as important as the total amount of time spent stretching per day. For example,  
Roberts and Wilson (66) reported that after five weeks of static stretching of the 
hamstrings, nine repetitions with a five second hold produced the same flexibility 
improvements as three repetitions with a 15 second hold. Similar results have been found 
by other studies (65, 67-70), thus indicating that as long as the total amount of time spent 
in a stretch hold is equal, similar improvements in flexibility will be observed.  
 While the frequency and duration of a stretch are important factors to consider, the 
duration of the stretching program must be considered as well to see improvements in 
flexibility. While many research studies that implement a static stretching program last at 
least five weeks (64-69, 71), Winters et al. (11) found that three weeks of static stretching 
was sufficient to significantly increase the passive flexibility of the hip flexors. The study 
measured flexibility at baseline, three weeks, and six weeks, and defined a positive 
measurement as one in which the thigh dropped below the horizontal. The passive 
flexibility of the hip flexors increased significantly from baseline to three weeks (from -11 
± 4° to 2 ± 5°), but there was no significant difference between the measurements at three 
weeks and six weeks (2 ± 5° and 3 ± 4°, respectively). 
Static Stretching of the Hip Flexors 
Based on the relationships reported between reduced passive hip extension 
flexibility and non-specific LBP in a normal population (5, 6), improving flexibility of the 
39 
 
hip flexors may be a useful intervention to reduce LBP. In fact, Avrahami and Potvin (72) 
found that five sessions of manual fascial-muscular lengthening therapy of the iliopsoas 
complex was effective at increasing flexibility and decreasing pain in a population of low 
back pain patients.  
The improvements in passive hip extension flexibility reported by Avrahami and 
Potvin (72) were seen in individuals with LBP; similar results have also been found in 
healthy populations. In individuals with limited passive hip extension flexibility, 
improvements have been found following both a single session of static stretching (73) and 
after a six week static stretching program (11). Moreside and McGill (12) reported similar 
improvements in passive hip extension flexibility when they implemented a six week 
passive stretching program in six healthy male individuals with limited passive hip 
extension flexibility. Participants performed either a modified lunge stretch or a supine leg 
extension stretch for 30 seconds at least four days a week. Following the six weeks, the 
participants exhibited an average increase in the passive hip extension flexibility of 14° 
(pretreatment = 7.8 ± 3°, posttreatment = -5.8 ± 6°).  
Although increases in passive hip extension flexibility following a static stretching 
program have been found, similar improvements in active hip extension during running 
following a static stretching program have not been documented. Moreside and McGill 
(13) investigated the effects of increased passive hip extension flexibility on active hip 
extension flexibility during several dynamic movements. In the study, 24 healthy male 
participants with limited passive hip extension flexibility performed four dynamic 
movements to measure active hip extension flexibility following six weeks of passive hip 
extension stretching. The four movements included an active hip extension in upright 
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standing, a lunge, a standing “twist and reach” maneuver, and exercising on an elliptical 
trainer. Despite the significant increase in passive hip extension flexibility, there were no 
significant changes in active hip extension flexibility during the dynamic movement tasks. 
However, the dynamic movement tasks performed may not be representative of the 
movements of the LPH complex during running. No study has yet examined the effects of 
static hip flexor stretching on active hip extension flexibility during running.  
Summary 
 In conclusion, it is important to study the influence of a static hip flexor stretching 
program on active hip extension flexibility during running. Understanding the relationship 
between passive and active hip extension flexibility may bring insight into the interactions 
between kinematics of the LPH complex during running. Abnormal kinematics of the LPH 
complex are one aspect of the Pelvic Crossed Syndrome, which has been found in non-
specific LBP patients. Therefore, the findings of such a study may have implications for 
runners suffering from non-specific LBP.   
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